Abstract -The most intriguing karyological features of the genus Allium are polyploidy and the frequent appearance of supernumerary or B chromosomes (Bs). Specimens of Allium flavum from natural populations at the Gornjačka Gorge in the vicinity of Gornjak Monastery, Serbia, were analyzed karyologically. All studied plants were tetraploid (2n = 32). One submetacentric B chromosome representing 1% of the genome, smaller than the smallest chromosomes of the standard set, was present in some plants. This is the first finding of Bs in tetraploid A. flavum.
INTRODUCTION
Being the largest in the family Amaryllidaceae, the genus Allium comprises more than 800 species of perennial, mostly bulbous plants (Fritsch et al., 2010) . These are mainly distributed in subtropical and temperate regions of the Northern Hemisphere, particularly around the Mediterranean region and in Central Asia. Although favourable cytological characteristics make species from the genus Allium attractive subjects for study, chromosome numbers are known for only about one-third of them and detailed cytological data are very limited. The most intriguing karyological features of the genus Allium are polyploidy and the frequent appearance of B chromosomes (Bs). Up to now, Bs have been found in 97 species (Table 1) . Different levels of ploidy are also frequent, and in ten species Bs are present in polyploids as well.
Bs are supernumerary components of the genomes of numerous species of plants, fungi and animals. The term B chromosome was first used by Randolph (1928) to describe supernumerary or extra chromosomes in maize, and since that time it has been applied to such chromosomes in a variety of species from all the major taxa (Jones 1995), apart from birds (Vujošević and Blagojević, 2004) . It is assumed that, in general, Bs occur in about 15% of species, but the heterogeneity of different Bs poses a problem of definition, since the number of characteristics shared by all Bs is very limited. Therefore, their dispensable nature describes them the best, while the absence of recombination with any member of the basic A chromosome set and irregular, non-Mendelian modes of inheritance serve for recognising that the supernumerary chromosome is in fact a B chromosome. In general, B chromosomes are found in some members of a population, but not in others (Jones and Rees 1982) . In addition, some features are common to Bs, but never shared by all of them. For instance, Bs are often smaller than chromosomes of the standard set and in plants this is true for more than half the species possessing Bs. However, Bs as large as the largest chromosomes of the set also exist. Completely heterochromatic Bs are more characteristic for animals than for plants, yet half of all Bs in plants are heterochromatic (Jones, 1975 heterochromatic (Jones, , 1995 . There is a large amount of variability between families regarding the presence of species with Bs, but part of this may be explained by differences in study intensity, as is the case with bulbous monocots being amenable to chromosome analysis. B chromosomes were repeatedly found in Allium flavum (Chesmedzhiev, 1971; Šopova, 1971; Vosa, 1973; Capineri et al. 1978; Baltisberger and Baltisberger, 1995; Krahulcová, 2003) but always in diploid specimens. Here, for the first time, we present the appearance of Bs in tetraploid specimens of Allium flavum.
MATERIALS AND METHODS
Specimens of Allium flavum were collected from natural populations at Gornjačka Gorge near the Gornjak Monastery (East Serbia). Actively growing roots of about 1-1.5 cm in length were excised, treated with 0.02% colchicine for 5 h, kept in Carnoy's fixative overnight, hydrolyzed in 1 N HCl at 60 o C for 12 min, stained with aceto-orcein, and squashed. Slides were analyzed using a Zeiss Axio Observer.Z1 light microscope (1600x), and the number of chromosomes was counted. Chromosome counts were made from at least five root tips of each plant.
The length of the chromosomes was measured in micrometers (μm) from images, using MicroMeasure 3.3 (http://www.colostate.edu/Depts/Biology/MicroMeasure/). Centromere positions were recorded. In addition, the relative size (percentage of each chromosome within the total length of the complement) and centromere index (ratio between the length of the short arm and the total chromosome length) were scored for each chromosome. The nomenclature of chromosomes in the basic set was followed according to Levan et al. (1964) , and chromosomes were named as 1, 2, 3, 4, 5, 6, 7 and 8 in descending order of length.
RESULTS AND DISCUSSION
The karyotype of Allium flavum contained four haploid chromosome sets (2n = 32, FN = 64). B chromosomes were detected in some plants (Fig. 1) . Most chromosomes were large, and the karyotype analysis revealed a dominance of metacentrics. Centromeric indexes varied from 0.459 to 0.474. Chromosome length ranged from 8.44 μm for chromosome 1 to 5.25 μm for chromosome 8 (Fig. 2) . B chromosomes represented approximately 1% of the tetraploid genome and were less than half the size of the smallest chromosome in the karyotype. They were sub-metacentric with centromeric index 0.395.
Allium flavum occurs in Europe in both diploid and tetraploid forms. Besides a constant dip- (Mizianty and Frey, 1973) , Spain (Ruiz Rejón and Sañudo, 1976) , Italy (Bartolo et al., 1978) , Austria (Loidl, 1979) , Greece (Tzanoudakis and Vosa, 1988) and Bulgaria (van Loon and van Setten, 1982) . Both diploids and tetraploids have been recorded in Austria, Greece and Bulgaria. Entirely new distributions of cytotypes were noted for many plant species after wide use of flow cytometry techniques. For instance, Šafářová et al. (2011) found four cytotypes with different levels of ploidy (3x, 4x, 5x and 6x) in Allium oleraceum. Therefore, it would not be surprising if more cytotypes for A. flavum are discovered in the future, assuming that many more populations are studied.
In all earlier reports Bs were found only in diploid specimens of A. flavum. Thus, Šopova (1971) noted that a single B chromosome was constantly present in the frequency of 0.54 in a diploid population of A. flavum from mountain Galičica (FRG Macedonia). This B chromosome was easily distinguished from A chromosomes both by its morphology and size, i.e. it was shorter than the smallest chromosome of the standard set, with the centromere positioned subterminally. Moreover, the B chromosome was almost completely heterochromatic. It was also found that chiasma frequency increased in the presence of B chromosomes and that the flowering time of plants with Bs was delayed in both the natural habitat and in a botanical garden. Loidl (1982a) showed that in this species Bs have less heterochromatin than A chromosomes, but a similar C-band location. In one case, he noticed a nucleolus organizing region in a B chromosome. In the diploid A. flavum from Austria, Bs differ within and between populations to a great extent in both size and shape. Thus, three different types of Bs were distinguished in one population, all being submetacentrics. In the Czech Republic, Krahulcová (2003) found diploid plants with two B chromosomes, which were smaller than the other chromosomes of the set. One B chromosome was discovered in diploid plants in Albania (Baltisberger and Baltisberger 1995) .
As a rule, Bs are less frequent in species with lower ploidy level. In the genus Allium, about 20% of species with Bs are polyploid, one third of them are triploids and the others are tetraploids. Rarely, Bs appear in penta-and hexaploids. Thus, the occurrence of Bs in tetraploid Allium flavum is a rare but not unexpected event.
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